ABSTRACT Isoarea maps during the PQRST sequence were computed in 22 healthy subjects and 48 patients with Wolff-Parkinson-White (WPW) syndrome. Thirty-eight patients with WPW were on no medication and 10 were treated with class I, II, or III antiarrhythmic drugs. Seventeen isoarea maps were recorded before and 17 were recorded after accessory pathway ablation. One patient had intermittent preexcitation. Body surface maps from all healthy subjects were similar, although the magnitudes of the maxima and minima showed significant variability. In all patients with WPW who were oii no medication and in those on class I and II agents, PQRST maps were normal. Two patients taking amiodarone had abnormal PQRST maps, as did patients early after surgery. In the patient with intermittent preexcitation, PQRST maps were very similar during normal and preexcited beats. In conclusion, our results support the theory that the PQRST time integral reflects intrinsic recovery properties of the heart and is independent of the activation sequence. 
WILSON et al. 1 reported in 1934 evidence that the algebraic sum of the QRST area, called the ventricular gradient, is independent of the activation sequence and reflects intrinsic repolarization changes. However, controversies regarding this concept arose in later studies. Some authors denied its validity because of the great variability of the ventricular gradient,2' 3 whereas others provided theoretical4' 5 and experimental evidence for its relative independence from the activation sequence and its relationship to ventricular recovery properties. 6 10 In 1977, Abildskov et al. ' The results are presented as body surface maps in which contour lines join points having either the same net area under the PQRST sequence (PQRST maps), or the same potential at a given instant (isopotential maps). These maps are displayed in a rectangular format corresponding to unrolling the thorax after slicing down the subject's right side, with the left side representing the front of the torso and the right one the back. The heavier contour line represents the zero value. The most negative and most positive values are indicated by minus and plus signs, respectively. The positive areas on both the PQRST and the isopotential maps are crosshatched.
Results
In healthy subjects, PQRST maps of both men and women demonstrated similar dipolar patterns, with positive values distributed mainly over the left chest and negative values over the right chest. The maximum was consistently located over the precordium, whereas the minimum was located superiorly, either over the posterior chest (six subjects), or over the right anterior chest (16 subjects). These two normal variations are illustrated in figure 1, A and B, respectively. Also, the values of the maximum (table 1) were slightly higher for men than for women (p < .1).
For patients with WPW, isopotential maps during the delta wave and ST segment were first classified into seven categories corresponding to the location of the preexcitation site. 5 We found a wide range of estimated accessory pathway locations: anteroseptal in five We were able to record a spontaneously intermittent WPW pattern in a woman with a left lateral preexcitation pattern who was not receiving antiarrhythmic medication. The PQRST maps and the 12-lead electrocardiogram in both normal and preexcited states are One of the interesting findings of our study was that whatever the preexcitation site, the PQRST maps observed in all patients with WPW not receiving antiarrhythmic drugs and in those receiving class I and/or class II agents were similar to normal, both in morphology and magnitude. These findings thus support the hypothesis of the independence of the ventricular gradient and the activation sequence. The lack of drug effects of the PQRST maps is not surprising since these specific drugs have little effect on action potential duration. 16 Results in the two patients receiving amiodarone may be related to the marked prolongation of the action potential caused by this drug.17 However, a uniform lengthening of the action potential throughout the whole heart should not alter the PQRST time integral since it reflects the gradient of the areas under the action potential.5 Thus, the altered PQRST maps suggest that the effects of the drug may be inhomogeneously distributed in the heart.
With regard to the abnormal PQRST map recorded in the early postsurgical phase in one patient, since these abnormalities disappeared in later postsurgical recordings, they may be attributed to surgical pericarditis or alterations in the electrical properties of the torso.
In conclusion, we have found very little variation from the normal pattern in PQRST maps from patients with WPW with different preexcitation sites. These results show that the ST-T alterations are secondary to the altered activation sequence in these patients and confirm the relative independence of the ventricular gradient and activation sequences. The similarities of PQRST maps obtained during normal and preexcitated beats in the patient with intermittent WPW and between the presurgery and postsurgery maps lends additional support to this concept.
